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THE AUDITORY MANIFESTATIONS OF LEUKEMIA
The otological complications of leukemia are common, but rarely are they
given much consideration in discussions of the clinical aspects of leukemia.
During the past several years the frequency with which deafness, tinnitus,
and vertigo have developed in many of our patients has prompted us to
investigate the incidence and type of involvement which occurs in this
disorder.
The aural manifestations of leukemia are of considerable historical inter-
est. The first case of leukemia ever described was that of a 44-year-old
female who was admitted to a hospital because of an abdominal tumor and
deafness of 6 months' duration in the year 1844.9 The tumor proved to be
an enlarged spleen, and blood studies at autopsy by Donne showed an
excessive leukocytosis. Only twelve years later Vidalr reported deafness
in a case of leukemia and was able to find 3 more in a total of 32 cases of
leukemia. In 1906 Alexander' pointed out that the probable etiology of
the first case of Meniere's syndrome was acute leukemia. The case was
that of a young girl who developed sudden deafness, severe vertigo, and
vomiting, which was followed by death five days later. In Meniere's first
report on the autopsy findings' he stated that a red plastic material filled
the entire labyrinth, but in a later report' he said that the red substance
was found only in the semi-circular canals without demonstrable abnormali-
ties of the vestibule and cochlea. Alexander believed that the red plastic
material was blood which had remained following sudden hemorrhage into
the labyrinth as a complication of leukemia. He felt that the Meniere's
syndrome must have developed as a terminal complication of a fatal proc-
ess, since death could not have resulted from the syndrome per se. More
recently, Alexander's interpretation of Meniere's case has been challenged.'
Much of the early medical literature on leukemia described the aural symp-
toms and pathological changes which developed as complications of leu-
kemia. Between the time of Vidal's report and the turn of the cen-
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tury a number of individual case reports, small series reports both
with and without pathological correlation, have appeared in the lit-
erature.8'7 21,27, M,Z, 481 2, r These articles on the subject described the vari-
ous clinical and pathological patterns but have contributed little in terms
of therapy. During the past fifty years many other interesting re-
ports 1,4,5,,8,10, UU,14,20,8 25, 26, 28, 29,82.12,2845,47-49,5S.,22, have appeared on this
subject. Forkner12 in 1938 made a review of much of the older literature
TABLE 1. AUDITORY DIsoRDERS AND LEUKEMIA
Patients with auditory disorders
No. develop- No. develop-
ing before ing after
diagnosis diagnosis
Type of leukemia Total no. cases Total no.* of leukemia of leukemia
Chronic lymphocytic 52 15 2 11
Subacute lymphocytic 5
Acute lymphocytic 9 3 1 2
Chronic monocytic 1 1
Acute monocytic 8 2 .. 1
Chronic granulocytic 10 5 1 3
Acute granulocytic 8 6 2 4
Unclassified 7
Totals 100 32 6 21
*Auditory symptoms in 5 of these patients appeared unrelated to the development
of leukemia.
and in 1945 Drusse0 found the otological complications of leukemia to have
an incidence of 16.5 per cent in a random group of 148 patients.
The primary objective of this study is to emphasize the importance of
certain acoustic disturbances as either primary or secondary manifestations
of leukemia. It is hoped that definitive therapy will be facilitated through
the proper recognition and understanding of these difficulties.
METHOD OF STUDY
The records of the last 100 patients with leukemia admitted to the
Yale-New Haven Medical Center were reviewed carefully for evidence of
any acoustic difficulties. All patients with leukemia, irrespective of age,
sex, and type of leukemia, were included. The various types of leukemia
represented and the relationship between the date of diagnosis and the ap-
pearance of otological complications are shown in Table 1.
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RESULTS
Thirty-two of the patients in this group had definite auditory signs or
symptoms. In 16 there was a well-established relationship between the
leukemia and the development of these disorders (Table 2). In an addi-
tional 11 there was an almost certain but less definite relationship (Table
3). There were 6 instances in which an otological complication presented
as the only symptom or as part of the initial complaints which brought
the patient to the hospital. Four of the 6 had acute leukemia. The re-
maining developed their auditory difficulties sometime during the course
of their illnesses. In 5 of the 32 patients either the characteristics of the
disorder were poorly documented or it was reasonably clear that the leu-
kemia was not responsible.
The most frequently encountered symptoms in the 27 patients with
auditory complications were deafness in 16, tinnitus in 7, and pain in 3.
Only one patient in the entire group complained of vertigo. A few patients
were asymptomatic but had bleeding or purulent drainage from an external
canal. The term deafness is employed to imply varying degrees of hearing
loss.
DISCUSSION
The incidence of otological complications due to leukemia in this small
series is 27 per cent. As unusual feature of this series was the infrequent
occurrence of vertigo. In a series of 39 patients LoveTM found vertigo in
28, but it is likely that many of his cases were not due to leukemic involve-
ment of the ear. In his paper he mentions that slight dizziness without
associated auditory symptoms is common in leukemia, and that probably
it is due to cerebral anemia and general debility. In spite of the fact that
our case histories usually were detailed and complete, it is possible that
the auditory troubles of additional patients may not have been recorded.
Without the aid of histological examination it was difficult to be sure of
the pathophysiology of some of the instances in which acoustic difficulties
were encountered. In general, however, it is clear that patients in whom
hemorrhage was responsible usually had acute leukemia. On the other
hand, obstruction of the Eustachian canals due to lymphoid hyperplasia
was encountered only in chronic lymphocytic leukemia. Infection of the
middle ear showed no predisposition to any particular type of leukemia.
An evaluation of these complications indicates that auditory difficulties are
more common and develop earlier in patients with acute leukemia than in
those with chronic leukemia.
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TABLE 2. CHARACTERISTICS OF
RELATED TO LEUKEMIA
AUDITORY DISORDERs DEFINITELY
Type of
Patient Age Sex leukemtia
J.O. 26 M Chronic
granulocytic
W.M. 33 M Chronic
granulocytic
F.F. 59 M Chronic
lymphocytic
J.D. 58 M Chronic
lymphocytic
A.Z. 60 M Chronic
lymphocytic
A.A. 76 M Chronic
lymphocytic
F.Fr. 69 M Chronic
lymphocytic
Symptoms
Deafness
Cause Remarks
8th nerve hemor- Developed rapidly as initial
rhage symptom of leukemia.
Deafness Eustachian tube
obstruction
Bilateral, severe. Onset with
development of skin lesions.
Deafness Lymphoid hyper- Initial symptom of leukemia.
plasia Cleared with x-ray to tonsils.
Tinnitus Lymphoid hyper- Cleared after x-ray to ton-
plasia silar areas.
Purulent
drainage
Deafness
Otitis media Drainage cleared with anti-
biotic therapy.
Otitis media, Rapid unilateral loss with
infiltration BC > AC. No improvement.
Tinnitus, Lymphoid hyper- Tinnitus gradually cleared,
deafness plasia but bilateral deafness became
worse.
P.B. 65 M Chronic
lymphocytic
Deafness Lymphoid hyper-
plasia
M.T. 54 F Chronic Deafness Lymphoid hyper-
lymphocytic and pain plasia and in-
fection
Had paralysis of 9th and 10th
nerves on left due to lym-
phoid hyperplasia in neck and
nasopharynx.
Bilateral perceptive hearing
loss. Conductive loss, right.
K.T. 2Y2 F Acute
granulocytic
B.B. 23 F Acute
granulocytic
W.C. 42 M Acute
granulocytic
E.M. 36 F Acute
granulocytic
J.S. 3',4 M Acute
lymphocytic
K.S. 34 F Acute
lymphocytic
P.S. 21,4 F Acute
lymphocytic
None Middle ear
hemorrhage
Tinnitus,
deafness
Tinnitus,
pain
External
bleeding
Pain
Otitis media
? Hemorrhage
Hemorrhage
Serous, otitis
media
Deafness Hemorrhage
None Otitis media
Blood behind both mem-
branes. Improved with Rx.
Initial good response, but
terminal severe deafness.
Sudden onset. Moderately se-
vere and persistent.
Continuous bleeding from
right external auditory canal.
Sudden onset as initial symp-
tom of leukemia.
Terminal bleeding into left
middle ear.
Intermittent injection of
drums with fluid on left.
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TABLE 3. CHARACTERISTICS OF AUDITORY DISORDERS PROBABLY
RELATED TO LEUKEMIA
Type of
Patient Age Sex leukemia
J.D. 63 M Chronic
granulocytic
S.G. 52 M Chronic
granulocytic
J.K. 53 F Chronic
lymphocytic
J.R. 72 M Chronic
lymphocytic
I.M. 57 M Chronic
lymphocytic
F.C. 38 F Chronic
lymphocytic
M.L. 66 F Chronic
lymphocytic
R.D. 61 F Chronic
lymphocytic
W.D. 19 M Acute
granulocytic
C.K. 5 F Acute
granulocytic
H.H. 57 F Acute
monocytic
Symptoms
Tinnitus,
deafness
Tinnitus
Probable
cause
Leukemic
infiltration
Deafness ?
Deafness ?
Deafness,
vertigo ?
Deafness Infiltration,
Otitis media
Deafness Otitis media
Deafness ?
None Otitis media
and
mastoiditis
Deafness ?
Tinnitus Anemia
Remarks
Unilateral deafness. High-
pitched continuous tinnitus.
Sudden onset of persistent
"banging in ears."
Recent gradual onset of mod-
erate unilateral deafness.
Gradual onset of bilateral
perceptive hearing loss.
Gradual loss on left and sud-
den on right.
Moderately rapid loss,
BC > AC.
Bilateral repeated infections
for 2 years prior to diagnosis.
Bilateral air conduction loss
with onset prior to diagnosis.
Both conditions diagnosed at
onset of leukemia.
Bilateral loss antedating dx.
of leukemia by few months.
"Roaring and rushing"
sounds for 1 week prior to
death.
The mechanisms by which the auditory system may become involved
are varied. Although the cause of the otological complication could not
be established in many of our cases, it appears that the underlying patho-
logical mechanisms fall into one or a combination of three main groups,
neoplastic invasion, infection, and hemorrhage.
LEUKEMIC INVASION
Diffuse or focal leukemic invasion of the external ear,10' middle
ear,'0"4 W' or internal ear4'012 '28'8'84'48 0,57 structures as well as the 8th
nerve"8 18 28 0, 48 may occur. Invasion of the soft tissues, membranes, hol-
low spaces, and marrow of ossicles may develop. These infiltrates may be
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asymptomatic or may result in deafness, tinnitus, pain, or vertigo. Al-
though post-mortem examination of the auditory system was not done in
our cases, it is probable that leukemic infiltration of the cochlea was the
cause of deafness and tinnitus in many of them.
A few cases of chronic granulocytic leukemia have been recorded in
which chloromas have produced auditory changes."1'" ,2,88840,44,4 The
most frequent location for these tumors has been in the orbit, mastoid, or
internal auditory meatus. These have produced real or apparent mastoid
and middle ear infections, pain, deafness, vertigo, and pressure symptoms
on the 7th and 8th nerves. The presence of tumor nodules in the ear has
been recorded in a case of chronic lymphocytic leukemia.' Pearson has
pointed out that about 50 per cent of patients with chloromas will have
involvement of the temporal bone. He also has emphasized the predelic-
tion of this disorder for young males.
Three patients in this series developed deafness secondary to Eustachian
tube obstruction produced by either enlarged leukemic tonsils or from
leukemic nodules in the nasopharynx. Blockage of an Eustachian tube
usually is followed either by a serous effusion or active bacterial infection
in the middle ear. It is probable that some of the cases of otitis media
reported in leukemia have been the result of a similar mechanism. On the
other hand, extreme involvement of the tonsils may develop without ap
parent effect on any of the auditory mechanisms.' The two patients with
tonsillar enlargement had chronic lymphocytic leukemia, whereas the pa-
tient with nasopharyngeal nodules had terminal chronic granulocytic leu-
kemia. Examples of this syndrome are illustrated by the following case
reports.
CASE $1
F.F. was a 59-year-old white male who was first seen in the ENT clinic of Yale-
New Haven Medical Center because of impaired hearing over a period of five months.
The deafness had come on gradually but had progressed in severity and was associated
with anosmia, hoarseness, and dysphagia. There was a history of a 19-pound weight loss
in six months. Five weeks prior to the clinic visit he was treated with penicillin for
tonsillitis by a physician with improvement in his symptoms. Examination by an oto-
laryngologist at the clinic revealed multiple enlarged lymph nodes in the anterior and
posterior cervical triangles. The tonsils were very enlarged bilaterally. The naso-
pharynx was partially filled with masses of lymphoid tissue which occluded the
Eustachian tube orifices. Both tympanic membranes appeared dull. Bone conduction was
greater than air conduction. A biopsy of the nasopharyngeal lymphoid tissue suggested
lymphocytic leukemia. The total leukocyte count was 35,200/mm8 with 90 per cent
lymphocytes. The patient was begun on x-ray therapy to the neck and within two
weeks showed considerable improvement as the lymphoid tissue regressed. His hearing
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returned to normal and the dysphagia, anosmia, and hoarseness disappeared. The white
blood count dropped to 6,400/mm8 one month later with a decrease in the lymphocyte
count to 52 per cent. He remained well for six months, then began to complain of
malaise, anorexia, and pain in the abdomen, probably the result of splenic infarcts.
Four years later he had a recurrence of moderate deafness associated with hoarseness
and dysphagia. Physical examination revealed diffuse hyperplasia of the nasopharyngeal
lymphoid tissue; both Eustachian tubes were blocked. He again was given irradiation
to the neck with considerable improvement in the obstructive symptoms. His disease,
however, continued to progress at a rather rapid rate; he became cachectic and expired
four years after original diagnosis had been made.
COMMENT
This patient had a conductive type of deafness resulting from Eusta-
chian tube obstruction due to enlarged nasopharyngeal tissue. The ap-
pearance of the tympanic membranes indicated the presence of a serous
effusion in the middle ear. Biopsy of the nasopharynx showed lymphatic
leukemia. X-ray therapy to the nasopharyngeal areas on two separate occa-
sions resulted in improved hearing.
CASE j2
W.M., a 36-year-old white male, was admitted to the Yale-New Haven Medical
Center in the terminal stage of granulocytic leukemia. He was diagnosed as having
chronic granulocytic leukemia in October 1951, and had been treated successfully
during the next four years with splenic irradiation and Myleran. In the course of his
final hospitalization he developed an acute blastic crisis and a striking nodular leukemia
cutis over his entire body. Over a period of several days the patient developed gradually
increasing deafness. Examination of the pharynx revealed many yellow-white nodules,
about 1 cm. in diameter, situated on the palate and nasopharynx, some of which were
occluding the Eustachian tubes. He was started on a course of demecolcin ("Colcemide"
-Ciba). There was a striking regression of the skin and mucous membrane lesions and
a concomitant moderate improvement in his hearing. In spite of his brief improvement
he continued to run a downhill course'and expired.
COMMENT
This was an unusual case since nodular leukemic infiltrates are uncom-
mon in chronic granulocytic leukemia. These lesions were found in the
nasopharynx and also strategically located about the orifices of the Eusta-
chian tubes. It is quite possible that some of the infiltrates were located
within the tubes themselves. Following therapy with demecolcin, the
nodules regressed with a subsequent moderate improvement in hearing.
It should be pointed out that the patient also exhibited widespread hemor-
rhagic manifestations and it is probable that hemorrhage in or about the
acoustic structures may have contributed to his deafness.
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INFECTION
Bacterial infection involving the middle ear'0 U1, 10 ' "" and mas-
toi&, '-l '' is quite common in acute leukemia. In many instances it is
secondary to infiltrative obstruction of vascular channels and certain ori-
fices, to hemorrhages, or to greatly reduced systemic resistance to infec-
tion. Inflammatory lesions of the middle ear tend to invade rapidly,'0
particularly into the mastoid spaces. Mastoiditis may be extremely difficult
to diagnose, since mastoid chloromas, post-auricular swelling, and tissue
sagging occasionally develop in leukemia.''1 '-''-' '" A recent publication
reported the case of an 11-year-old boy who developed severe otitis media,
mastoiditis, and lateral sinus thrombosis before the diagnosis of acute
leukemia was made at autopsy.' Several of our cases developed deafness
as a result of middle ear infections and some of these responded to anti-
biotic therapy. Many of these cases developed mild upper respiratory in-
fections which resulted in otitis media. In some, this was a presenting
complaint and in others it became the most troublesome symptom. There
did not appear to be any obvious correlation with the phase of the disease
or type of leukemia.
CASE 43
B.B. was a 24-year-old white female diagnosed as having acute granulocytic leukemia
in July 1954. She had been treated with cortisone and 6-mercaptopurine with fair
success until November 1955, at which time she began to complain of deafness. Exami-
nation at this time showed moderate hypertrophy of the pharyngeal tonsils and some
reddening of the eardrums. She gradually developed pain in both ears followed by a
purulent discharge. In spite of intensive antibiotic therapy there was only temporary
relief of the bilateral otitis media. Within the next few months she had repeated ear
infections with spontaneous perforation of her tympanic membranes and the hearing
loss became more severe. There was considerable sanguino-purulent discharge from
both ears. Culture of this material showed mixed organisms. The ear infections con-
tinued and she developed a left mastoiditis which drained spontaneously to the skin.
She continued a downhill course and expired in April 1956.
COMMENT
The otitis media and mastoiditis proved to be the most troublesome mani-
festations of the late stage of leukemia in this patient. The prolonged ad-
ministration of cortisone and antibiotics may have enhanced her suscepti-
bility to ear infections with resistant organisms. In addition her leukocyte
phagocytic mechanisms were severely impaired throughout the entire
course of her illness. It is very probable that this type of localized infec-
tion with mixed resistant organisms will be encountered more frequently
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in the future with the increased use of cortisone and various antibiotic
and chemotherapeutic agents.
HEMORRHAGE
Hemorrhage may occur into practically all structures of the ear. It
probably develops much more frequently than is clinically evident, since
bleeding into many areas may be completely asymptomatic. A number of
cases, however, in which vertigo, deafness, and tinnitus have developed
following intraural hemorrhage have been reported.' 7 201 8 2" 8 41 4,U.U2
Labyrinthine hemorrhage probably is a relatively rare complication of leu-
kemia. Frasere8 observed only two cases in the course of examination of
35,000 patients who were studied for affections of the ear.
Impaired function may result from multiple small hemorrhages, a massive
single hemorrhage, or from eventual fibrosis and calcification of these
hemorrhages (osteitis interna ossificans)*2 18 20,u 83 2 48
W U, Not infre-
quently bleeding may precede or accompany infection. Sudden onset of
acoustic disturbances in association with a generalized hemorrhagic diathe-
sis always should suggest the possibility of middle or inner ear bleeding
due to leukemia.
CASE #4
A 26-year-old white male (J.O.) was first seen at the New Haven Hospital ENT
Clinic in September 1953 because of sinus trouble and deafness. Five weeks earlier he
had noted the sensation of "hollowness" in his right ear. The next morning he awakened
deaf. Five days later he had a sudden decrease in vision, especially on the right. His
past history was significant in that a chronic mastoid infection during childhood had
left him completely deaf on the left. On physical examination there was some thickening
of the right ear drum. Air conduction was diminished but remained greater than bone
conduction. Fundoscopic examination showed numerous bilateral hemorrhages and
exudates. A firm spleen was palpated 5 cm. below the left costal margin. Routine
hematology studies showed a hemoglobin of 9.0 gms. per cent, total leukocyte count of
660,000/mm8 with a distinct left shift. He was admitted to the medical service for
further study and management. Ophthalmological findings were considered to be con-
sistent with "leukemic retinopathy." Sternal marrow examination confirmed the diag-
nosis of chronic granulocytic leukemia. Following blood transfusions and splenic irradi-
ation there was improvement in the deafness to the extent that he was able to hear loud
voices. An audiogram showed that he was able to respond to 60 decibels on the right.
Subsequent to the completion of x-ray therapy to the spleen he was given a course of
radioactive phosphorous with excellent hematologic remission. Three months later
there was a return of clinical and hematologic manifestations of leukemia and he was
begun on a course of Myleran with good response. Maintenance Myleran therapy
controlled the leukemia during the ensuing three years with no change in his hearing
problem. In March 1957 he developed an acute relapse, deteriorated rapidly, and
expired following a cerebral vascular accident.
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COMMENT
The deafness in this case was probably due to a combination of hemor-
rhage and leukemic infiltration. The fact that there was some improve-
ment in hearing following therapy suggests that a conductive defect due
to neoplastic invasion may have been present. In favor of a hemorrhagic
etiology was the sudden onset of deafness, evidence of hemorrhagic ten-
dencies, as manifested by the retinopathy and continued oozing from the
sternal marrow aspiration site, and permanency of the hearing loss. On
the other hand, the sudden onset of deafness, per se, does not necessarily
imply hemorrhage as has been illustrated recently by de Stefani.8 He de-
scribed the sudden onset of bilateral deafness in a 33-year-old male, due
entirely to leukemic infiltration in the cochlear-vestibular regions with
serous inflammation of the acoustic nerves.
THERAPEUTIC CONSIDERATIONS
Usually it is difficult to decide on the appropriate specific form of therapy
for the acoustic complications of leukemia. Obviously the proper therapy
depends on accurate diagnosis, and often the etiology of the lesion is ob-
scure. The abrupt, painless onset of symptoms in association with a
hemorrhagic diathesis usually points to hemorrhage. Attention should be
directed toward correcting a specific clotting factor deficiency, neutralizing
a circulation anticoagulant, and treatment of the leukemia. Frequently
the administration of prednisone and prednisolone will reduce capillary
bleeding and may be of great value in preventing additional bleeding into
ear structures. Little can be done for the more chronic acoustic disturb-
ances which accompany calcification and fibrosis of the middle or inner
ear structures. If these changes are secondary to repeated hemorrhages,
every attempt should be made to modify the clotting defect in order to pre-
vent their progression.
Middle and external ear infections develop more insidiously, frequently
perforating the tympanic membrane and invading adjacent structures
rapidly. Severe pain, high fever, and conductive type hearing loss are not
uncommon. The principal treatment of these infections is the use of appro-
priate antibiotics. The bacterial organisms isolated, however, usually are
considered to be of low pathogenicity and may be extremely resistant to
antibiotic therapy.
Acoustic complications due to leukemic infiltration of tonsils, adenoids,
external, middle, or inner ear structures are considerably more amenable
to therapy than are those due to hemorrhage. Frequently systemic leu-
kemia therapy will cause regression of the infiltrated areas and improve-
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ment of the auditory difficulties. Sometimes, however, it becomes neces-
sary to direct irradiation therapy to the internal ear or to irradiate en-
larged adenoid and tonsillar tissue locally. Rapid relief of Eustachian tube
obstruction may prevent the development of severe otitis media. If middle
ear infection is associated with this type of obstruction, antibiotics will
rarely be completely effective unless the obstruction is relieved.
Perceptive deafness due to hemorrhage or leukemic infiltration of the
8th nerve or its center usually is a late complication of leukemia. Except
for systemic control of the leukemia and the hemorrhagic diathesis, little
can be done to reverse this situation.
SUMMARY
1. Twenty-seven of 100 consecutive patients with leukemia were found
to have acoustic disturbances.
2. Two cases of hearing loss in chronic lymphocytic leukemia secondary
to leukemic infiltration of tonsillar and adenoid tissue have been described.
3. The most frequently encountered aural manifestations of leukemia
were hearing loss, tinnitus, and pain. Vertigo developed in only one
patient.
4. Auditory complications developed earlier and more frequently in the
acute than in the chronic leukemias.
5. Auricular or periauricular structural derangement due to hemor-
rhage, neoplastic invasion, and/or infection appears responsible for the
auditory manifestations of leukemia.
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HELLMAN COLLECTION OF EARLY OBSTETRICAL BOOKS
In the December 1951 issue of The Yale Journal of Biology and Medicine
(24, 210-219) the late Dr. Alfred M. Hellman of New York described his
important collection of early obstetrical books. This formed an introduction
to a bibliography of his collection which Dr. Hellman distributed to any who
were interested in his books. The recipients of his publication will be glad to
hear that his daughter, C. Doris Hellman, has written an addendum to her
father's work which will appear in the Academy Bookman, 1958, volume 11,
number 2, under the title "Additions to the Alfred M. Hellman Collection of
Obstetrical Books." Reprints will be available and can be obtained from
C. Doris Hellman, c/o Mrs. Morton Pepper, 1065 Lexington Avenue,
New York 21, New York.
It is pleasant to know that Dr. Hellman's collection will remain intact in
the library of the London obstetrician and gynecologist, Mr. Alistair Gunn.
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